Abstract: Raltegravir (RAL) is the first integrase strand transfer inhibitor and has been shown to provide potent antiretroviral (ARV) activity against human immunodeficiency virus type 1 (HIV-1) in both ARV treatment-naïve and treatment-experienced individuals. Following initial US Food and Drug Administration (FDA) approval of RAL for treatment of HIV-1-infected adults in 2007, an ongoing pharmacokinetic, safety, and efficacy study in ARV-experienced children and adolescents led to extension of FDA approval to children and adolescents aged 2-18 years in 2011. Availability of chewable tablets for children aged 2-11 years is a significant advantage, and twice-daily dosing is recommended based on pharmacokinetic parameters. Granules for oral suspension in children 4 weeks to 2 years of age are currently under evaluation and clinical trials in neonates are imminent. Coadministration of RAL and the anti-tuberculosis drug rifampin (RIF) results in reduced RAL exposure. Evaluation of a double RAL dosing strategy in children requiring cotreatment with RIF is planned. RAL is generally well tolerated and has a good overall safety profile. Further data is required for children before RAL can be recommended in first-line ARV treatment regimens. RAL is also under investigation for use in preventing mother-to-child transmission both during pregnancy and in the HIV-exposed neonate. Currently, the main therapeutic role for RAL in children is for treatment failure and multi-drug resistant cases where the inclusion of RAL in combination with optimal background therapy has demonstrated successful outcomes. Increased availability of RAL and the introduction of second-generation integrase inhibitors are likely to further extend the utility of this class of ARV drugs.
Introduction
Despite widespread implementation of programs for the prevention of mother-to-child transmission (PMTCT) of human immunodeficiency virus (HIV), many children, and particularly those in resource-limited settings, continue to acquire HIV infection during pregnancy, birth, or breastfeeding. For children able to access antiretroviral therapy (ART), HIV infection has changed from a fatal disease to a chronic manageable medical condition. Increased survival brings with it the need for lifelong treatment and a focus on quality of life. Tolerability, toxicity, and durability of ART regimens are critical factors to be considered. Older children and adolescents may harbor extensive antiretroviral (ARV) drug resistance as a result of prior treatment with suboptimal regimens and adherence difficulties. These patients require new generations of ARV drugs including novel drug classes in order to remain healthy. The development of integrase inhibitors, a new class of ARV drugs, and the recent approval of raltegravir (RAL) (Isentress; Merck and Co, Inc, Whitehouse Station, NJ, USA) for use in children and adolescents requires a critical appraisal of current pediatric ARV regimens in order to consider the optimal role that this new class of drugs, and RAL in particular, should play. This review focuses on the current state of knowledge and experience with RAL, with particular attention to its role in HIV-infected children and adolescents.
Almost all infants and young children acquire HIV infection as a result of vertical transmission from their mothers. Depending on the timing of HIV infection (during early pregnancy, around birth, or during the postnatal period via breastmilk) and other factors (eg, nutritional state and concomitant infections), untreated HIV infection may rapidly progress to a life-threatening (and often fatal) disease; alternatively, it may instead remain more stable for months and up to a few years with later onset of disease manifestations. Initiation of ART before 3 months of age regardless of clinical stage of disease or CD4 (cluster of differentiation 4) count has been shown to reduce early infant mortality and disease progression by 75%, as compared to deferred treatment. 1 The goals of ART in children include reducing HIVrelated mortality and morbidity, preserving or restoring immune function, maximal and durable suppression of viral replication, preventing the emergence of viral drug resistant mutations, minimizing drug-related toxicity, maintaining normal physical growth and neurocognitive development, improving quality of life, and reducing the risk of sexual transmission to discordant partners in adolescents who are sexually active. 2 Early ARV treatment approaches using mono-or dual-drug regimens resulted in treatment failures with viral non-suppression or rebound, and the development of viral resistance after only a few months or years of treatment. Current state-of-the-art initial ART for children is based on combination regimens incorporating at least three drugs from at least two ARV drug classes. A dual nucleoside/ nucleotide reverse transcriptase inhibitor (NRTI) backbone combined with either a non-nucleoside reverse transcriptase inhibitor (NNRTI) or protease inhibitor (PI) is recommended for children. 2 Compared to earlier treatment approaches, these regimens have shown greater durability and resulted in significant reductions in the mortality and morbidity of HIV-infected children. Fewer opportunistic infections and hospitalization episodes, and improved growth and neurocognitive function, have been reported during the period since highly-active ART was introduced. [3] [4] [5] [6] However, despite the successes of long-term ART, issues of drug toxicity, drug-drug interactions, problems with adherence to treatment, and drug resistance remain challenging and may result in limitation of treatment options. In children, resistance to ARV drugs within or across drug classes may be acquired as a result of suboptimal adherence to treatment, prior exposure to regimens with reduced potency including non-suppressive single drug regimens used in PMTCT programs, or by mother-to-child transmission of drug-resistant virus. 7, 8 Adverse effects of ARV drugs are generally less common in children compared to adults but include hypersensitivity reactions, mitochondrial toxicity, hepatotoxicity, gastrointestinal disturbance, bone marrow suppression, and dyslipidemia. 9, 10 Careful drug selection and sequencing are needed in order to preserve future treatment options; similarly, close follow-up of the child and caregiver are essential in assessing adherence to prescribed treatment, tolerance of medication, and response to therapy. 2 Important additional factors that impact the initiation and adjustment of ART in children are summarized in Table 1 .
Guidelines for treatment of HIV-infected children are evolving as new data become available. Although prospective, randomized, controlled clinical trials offer the best evidence for formulation of guidelines, most ARV drugs are approved for use in pediatric patients based on efficacy data from clinical trials in adults. Such trials frequently make use of surrogate markers of efficacy (HIV-1 ribonucleic acid [RNA] and CD4+ cell count) rather than clinical end points, 
77
Raltegravir in children and adolescents together with supporting pharmacokinetic (PK) and safety data from Phase I/II trials in children. 2 RAL, the first integrase strand transfer inhibitor (ISTI), provides potent ARV activity against HIV-1 in both ARVnaïve and ARV-experienced patients. In October 2007, the US Food and Drug Administration (FDA) approved RAL for salvage therapy in ARV-experienced adults, and in 2009 approval was extended to first-line treatment of ARV-naïve adults. In December 2011, approval was extended to children and adolescents aged 2-18 years.
11

Pharmacology of RAL
Mechanism of action
The HIV-1 integrase enzyme is responsible for the transfer of viral DNA (deoxyribonucleic acid) strands into the host genome, an essential step in the replication cycle of the virus. Viral DNA transfer involves several key steps. Initially, integrase combines with viral DNA and host cofactors to form the preintegration complex. This is followed by 3′ processing within the cytoplasm of the CD4 cell, during which integrase catalyzes the cleavage of a dinucleotide from both 3′ ends of the viral DNA. The preintegration complex then crosses the nuclear membrane to enter the nucleus, where integrase cleaves host DNA and inserts the cleaved viral DNA 3′ ends into opposing strands of host cell chromosomal DNA. HIV DNA integration may occur at many different sites within the host genome, particularly within active transcription units. The host cell lens epithelium-derived growth factor (LEDGF/p75), an integral component of the preintegration complex, improves the efficiency of integration and mediates targeting of active transcription units. After strand transfer has been completed, host cell enzymes repair the single-strand gaps and 5′ overlapping segments to establish a stable provirus. [12] [13] [14] [15] RAL binds to the catalytic site of integrase only when the enzyme is complexed to viral DNA, thus preventing the preintegration complex from binding to host cell DNA and the transfer of viral DNA to the host genome. 14, 16 It exhibits potent in vitro activity against HIV-1 in human T-cell culture. The geometric mean 95% inhibitory concentration (IC 95 ) is 33 nmol/L (15 ng/mL) in 50% human serum. 17, 18 
PK profile
Most of the PK characteristics of RAL have been established during the study of adult subjects. The drug is rapidly absorbed from the gastrointestinal system, reaching a maximum concentration (T max ) approximately 3 hours after oral administration. At therapeutic dose, the elimination half-life of RAL varies between 7-12 hours. PK steady state is achieved within 2 days of initiating therapy. The drug is 83% bound to human plasma protein. The distribution of the drug is mainly to plasma, the gastrointestinal tract, and excretory organs. In animal studies the volume of distribution ranges from 0.2-2 L/kg. At the adult dose of 400 mg twice-daily the mean plasma trough concentration (C trough ) exceeds the mean IC 95 . [17] [18] [19] [20] [21] Based on efficacy trials, 22, 23, 24 RAL dosed at 400 mg twicedaily was licensed for use in adult patients. A recent noninferiority trial that compared 800 mg once-daily to 400 mg twice-daily RAL dosing in combination with two NRTIs in untreated HIV-infected adults showed that once-daily dosing was inferior and thus could not be recommended in routine clinical practice. 22 PK comparison of once-daily versus twicedaily dosing showed similar area under the concentrationtime curve from 0-24 hours (AUC 0-24 ), but a six-fold lower plasma C trough in those who received once-daily RAL. 25 For an ARV drug to inhibit HIV-1 replication in the central nervous system (CNS) it should cross the blood-brain barrier and achieve a sufficiently high cerebrospinal fluid (CSF) concentration. A study evaluated RAL concentration in 25 pairs of plasma and CSF specimens from 16 adult patients being treated with RAL-containing regimens. All plasma RAL concentrations were above the IC 95 , the median being 448 ng/mL. RAL was detected in 24 of the CSF specimens. The median RAL concentration in the CSF specimens was 18.4 ng/mL, and 13 had concentrations above the IC 95 . The CSF:plasma ratios were low, ranging from 0.01-0.61, with the median ratio being 0.03. 26 Another study evaluated 25 specimen pairs from 18 patients. RAL was detected in all CSF specimens, with a median concentration of 14.5 ng/mL. The median plasma:CSF ratio was 0.06. HIV RNA was detectable (.50 copies/mL) in 38% of plasma and 4% of CSF specimens. Because of the small sample size it was not possible to determine factors associated with a detectable CSF HIV RNA. 27 Therefore, the clinical implications of these observations remain to be determined. The first case report was recently published looking at integrase inhibitor resistance in the CNS in the absence of plasma resistance, in an adult receiving once-daily RAL. To date there have not been similar reports in patients receiving twice-daily RAL. 28 RAL demonstrates marked intra-and interpatient PK variability. In a study of 86 patients, the interpatient variability as measured by the plasma C trough coefficient of variation was 110%. In 13 of these patients who each had three or more specimens analyzed, the median intrapatient coefficient of variation was 128%; in seven patients in whom ten or more 
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Nuttall et al specimens were analyzed, median intrapatient coefficient of variation was 245%. 29 In another study of 15 patients, marked variability of the AUC 0-4 and AUC 0-12 was documented. Furthermore, intrapatient variability accounted for a large proportion of overall variability. 30 RAL variability limits the usefulness of therapeutic drug monitoring during ART. Concern about the potential effect of PK variability on longterm RAL effectiveness has also been expressed. 30 A comparative study showed that patients who swallowed RAL after first chewing the tablets experienced significantly higher absorption and lower interpatient PK variability than those who swallowed tablets intact. In vitro experiments confirmed poor dissolution of whole tablets relative to crushed tablets. In particular, less than 10% of intact tablets tested in an acidic medium dissolved within 2 hours. These results suggest that improved oral formulations should result in improved drug exposure. 31 Prior food intake may also affect the absorption of RAL. Relative to patients who were administered RAL during a fasting state, a low-fat meal resulted in moderate reduction in absorption but had no effect on C trough , whereas a high-fat meal increased absorption and C trough . A moderatefat meal produced a similar PK profile to the fasting state. Despite these PK differences, no safety concerns were identified, and RAL may be given without regard for prior food ingestion. 32 RAL is metabolized by hepatic glucuronidation via uridine diphosphate glucuronosyltransferase (UGT) isoenzyme 1A1 to RAL glucuronide. UGT isoenzymes 1A3 and 1A9 play lesser roles in the glucuronidation of RAL; 31 the drug is rapidly eliminated from the body in either urine or feces. After administration of oral [
14 C]RAL to eight adult volunteers, 31.8% of the drug was recovered in urine and 51.2% in feces. Two chromatographic peaks were identified in urine, 22.9% of the total oral dose was RAL glucuronide, and 8.8% was the unchanged parent compound. Only one peak due to the parent compound was observed in feces. No evidence of enterohepatic circulation was observed. Analysis after intravenous [ 14 C]RAL administration to rats showed that 85% of the drug that was secreted into bile was RAL glucuronide, while 100% of fecal radioactivity was caused by the parent compound. This suggests that following secretion into bile, RAL glucuronide is hydrolyzed in feces to the parent compound, resulting in the observed single chromatographic peak. 18, 33 Decreased UGT 1A1 activity occurs in subjects with the *28/*28 genotype. Although the AUC 0-∞ and maximum plasma concentration of RAL were moderately increased in subjects with this genotype, these PK alternations are not considered clinically significant. 34 Furthermore, studies have shown that dose adjustments are not necessary in patients with hepatic insufficiency, including those with end-stage liver disease, nor in those with severe renal insufficiency. 35, 36 PKs and dosing in children Recent evidence from clinical trials has provided the necessary data required for licensing RAL for use in pediatric populations. The ongoing International Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT) P1066 study is a prospective, non-randomized open-label dose-finding trial of RAL plus optimal background therapy (OBT) in ARV treatment-experienced children and adolescents. [37] [38] [39] [40] [41] [42] [43] [44] [45] The study comprises 6 cohorts (I: 12-18 years; IIA and IIB: 6-11 years; III: 2-5 years; IV: 6 months-2 years; V: 4 weeks-6 months) and evaluates the PK profile, safety, tolerability, and efficacy of three RAL formulations: the adult tablet (400 mg), pediatric chewable tablets (100 mg and 25 mg) and granules for suspension ( Table 2) .
PK evaluation of fasting adolescents aged 12-18 years showed that at a dose of 400 mg twice-daily, the use of the film-coated poloxamer formulation that is registered for use in adults resulted in adequate drug exposure comparable to the PK profile generated in adult patients. 37, 38 Two formulations were evaluated amongst children aged 6-11 years, film-coated poloxamer tablets and chewable ethylcellulose tablets, both administered initially at a dose 
79
Raltegravir in children and adolescents of 8 mg/kg twice-daily. 39, 40 Prior single-dose evaluation of the chewable tablets in healthy adults had shown that, in comparison to the film-coated tablet, a similar C trough , higher AUC 0-∞ and earlier T max were achieved with an identical milligram dose of the chewable tablets. 46 The studies in children aged 6-11 years demonstrated that both formulations at the prescribed dose achieved adequate drug exposure. 39, 40 The chewable tablet was associated with less PK variability and lower oral clearance. Differences in clearance suggested greater relative bioavailability of the chewable tablet. Based on the pharmacological profile, the dose of the chewable tablet was lowered to 6 mg/kg twice-daily in this age group. 40 The chewable tablet has also been successfully evaluated in children aged 2-5 years at a dose of approximately 6 mg/kg twice-daily, to a maximum of 300 mg twice-daily. A similar PK profile was obtained to that observed in children aged 6-11 years. 41 For children aged 6-23 months an oral granule formulation was evaluated. 42 A prior study in healthy adult volunteers showed that in comparison to film-coated poloxamer tablets, the oral granule formulation achieved an earlier T max, moderately higher AUC 0-∞ , and similar C trough measurements. 46 At a dose of approximately 6 mg/kg twice-daily, similar PK values were achieved to those observed in 2-11-year-old children receiving the chewable tablet formulation. 42 An ongoing objective of the IMPAACT P1066 trial is the evaluation of the oral granule formulation of RAL in children aged 4 weeks to 5 months.
Because RAL is currently being used in HIV-infected pregnant women, and in future may be considered in neonates for PMTCT or treatment of HIV infection, PK evaluation of the drug in newborn infants is underway. An initial report described three newborns exposed to maternal therapeutic RAL during late pregnancy. In two newborns, RAL concentrations measured within 3 hours post-delivery were 7 and 9.5 times higher than paired maternal specimens. 47 Another study evaluated three preterm newborns exposed to maternal RAL administered antenatally for PMTCT. Shortly after birth, all three had therapeutic RAL plasma concentrations (.15 ng/mL), including two whose mothers had been initiated on RAL 22.5 and 14 hours before delivery. RAL remained above therapeutic concentration for up to 5 days after delivery. 48 The IMPAACT P1097 trial examined the washout PK of transplacentally-acquired RAL in term newborns during the first 36 hours after birth. Median cord blood concentration was 957 ng/mL, 1.48 times higher than the median maternal RAL concentration at delivery. RAL concentration remained above the IC 95 throughout the sampling period in all but one of the newborns evaluated. Median terminal half-life of RAL was 26.6 hours. 49 Neonatal dosing regimens, safety, and PK considerations will be addressed in the forthcoming IMPAACT P1110 trial.
Drug interactions Rifamycins
Rifampin (RIF) induces several enzymes, including glucuronosyltransferases that are responsible for metabolizing RAL; coadministration results in significantly lower RAL PK exposure. A study evaluated the effect of 600 mg of RIF once-daily on the PK of either a single 400 mg dose of RAL (group 1) or a single 800 mg dose of RAL (group 2) in healthy adults. Subjects in group 1 experienced significantly lower drug exposure relative to controls. Patients in group 2 experienced a 53% decrease in mean C trough , but higher AUC 0-12 and maximum concentration (C max ) compared to a control group that received RAL 400 mg twice-daily but no RIF. These results suggested that doubling the dose of RAL could partially compensate for the effect of RIF on RAL metabolism, but that the clinical effectiveness of this strategy should be evaluated. 50 Based on these data, the US FDA approval was updated in February 2009 to include the recommendation to increase the RAL dose to 800 mg twice-daily during coadministration with RIF. Furthermore, the IMPAACT P1101 study will shortly commence patient enrollment. It aims to evaluate the safety and effective dosing of RAL-containing ART in children receiving anti-tuberculosis (TB) medication. Double dosing of the chewable ethylcellulose RAL formulation in combination with other ARVs will be evaluated in children (aged 3-12 years) coinfected with TB and taking a RIF-containing anti-TB regimen.
The efficacy of three ARV regimens was recently evaluated in a Phase II randomized-control clinical trial of HIVinfected, ARV-naïve adults with TB that were cotreated with RIF-containing anti-TB medication. One hundred and fiftythree randomized subjects were included in the analysis. All of these subjects received a standard NRTI backbone of tenofovir disoproxil fumarate (TDF) and lamivudine (3TC). They were randomized to an efavirenz (EFV) arm (600 mg oncedaily), a RAL arm (400 mg twice-daily), or a high dose RAL arm (800 mg twice-daily). Proportions of subjects achieving the primary endpoint of a HIV RNA ,50 copies/mL at 48 weeks were 73% (EFV group), 75% (RAL 400 mg group), and 65% (RAL 800 mg group). Both RAL groups exhibited good safety profiles. Therefore, despite previous PK alterations, RAL dosed at 400 mg twice-daily appears to be a suitable alternative to EFV in adult patients cotreated with RIF. 
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Until regulatory authorities such as the FDA revise dosing recommendations for adults during RIF cotreatment, it is advisable to continue to double the dose of RAL during RIF cotreatment. A recent short report suggested that during RIFcotreatment, RAL tablets administered by chewing, rather than swallowing whole tablets, may improve the overall PK profile. This strategy requires further evaluation. 52 The effects of rifabutin and rifapentine on the PK profile of RAL have also been studied in adult patients. Administration of either daily rifabutin (used in the treatment of active TB) or weekly rifapentine in combination with isoniazid (used for the management of latent Mycobacterium tuberculosis infection) did not significantly alter the PK profile of RAL. 53, 54 Similar studies -particularly those exploring the interaction between RIF and RAL -have not yet been completed in children and adolescents.
ARv agents
Although not extensively studied, RAL does not appear to interact in a clinically significant manner with NRTIs, including 3TC, abacavir (ABC), and TDF. [55] [56] [57] [58] PK studies suggest that when RAL is coadministered with EFV, an NNRTI dose adjustment is not required. 59 Etravirine (ETR), an inducer of UGT isoenzyme 1A1, exerts a modest depressive effect on the PK profile of RAL; this effect is not considered to be of clinical significance. 60, 61 The interaction between RAL and the PIs that are commonly used in pediatric practice has been explored in adult studies. Although ritonavir (RTV) is an inducer of glucuronosyltransferases, when administered in a standard dose as a boosting agent it does not significantly alter the PK profile of RAL. 59 The coadministration of lopinavir/ritonavir (LPV/ RTV) coformulated tablets and RAL at standard adult dosages resulted in a 30% reduction in the RAL C trough . Dose adjustments were not required because sufficient exposure was maintained relative to the IC 95 . 62 The administration of additional RTV to young HIV-infected children -via a LPV/RTV-containing regimen during treatment for TB coinfection -is employed to overcome the effect of RIF on the metabolism of LPV. 63 The consequence of this super-boosting strategy on RAL PK has not been evaluated.
Atazanavir (ATV) in combination with RTV is increasingly favored as the preferred PI for older children because of its advantageous toxicity profile. Several studies have shown that ATV with or without the addition of RTV results in a moderate increase in RAL exposure. However, dose adjustments are not considered necessary.
18,64-67 Darunavir (DRV) boosted by RTV is a consideration in pediatric salvage regimens. Studies have documented either no change or a modest decrease in plasma and cellular RAL concentrations when administered DRV in combination with RTV.
68,69
Other drug interactions
There has been limited research on the interaction of RAL with other drugs that are commonly used in pediatric HIV practice. For example, the potential impact of anticonvulsants such as phenytoin, phenobarbitone, valproic acid, and lamotrigine on the PK profile of RAL has not been adequately investigated. 18 Phenytoin induces the activity of uridine glucuronyl transferases and valproic acid inhibits both cytochrome P450 enzymes and uridine glucuronyl transferases, but whether they significantly alter RAL exposure has not been specifically researched. 70, 71 Lamotrigine does not alter the activity of UGT isoenzyme 1A, suggesting that RAL dose-adjustment should not be required during coadministration. 70 Studies have shown that RAL does not alter the exposure of lamotrigine or midazolam during coadministration. [71] [72] [73] [74] Ongoing research should provide a more detailed understanding of drug interactions involving RAL, particularly in the pediatric setting where there is currently very little research. For the present time, the US FDA has a cautionary on the use of RAL in combination with other drugs which are strong inducers of UGT isoenzyme 1A1 especially where the effects of these agents on RAL metabolism have not been adequately evaluated.
Efficacy
Adult studies
Numerous studies in adult patients have demonstrated the potent ARV activity of RAL against HIV-1 in both ARV-naïve and ARV-experienced patients. 23, 24, 75, 76 Gotuzzo et al 23 demonstrated safety and efficacy of RAL in comparison to EFV in combination with TDF/3TC; the 96-week data of the STARTMRK trial led to US FDA approval of RAL in ARV-naïve patients. 24, 76 In this latter noninferiority study, RAL was compared to EFV in combination with TDF/emtricitabine (FTC) in 566 ARV-naïve patients. The RAL arm achieved a shorter time to viral suppression than the EFV arm, and non-inferiority was demonstrated at 48 weeks and maintained to 156 weeks. At 156 weeks, a significantly higher number of study subjects in the RAL arm had achieved HIV-1 RNA ,50 copies/mL than in the EFV arm (75.4% versus 68.1%) and the mean CD4+ cell count increase was significantly greater in the RAL arm. 76 The QDMRK trial confirmed the efficacy of RAL 400 mg twice- 
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Raltegravir in children and adolescents daily with TDF/FTC in ARV-naïve patients. 23 As a result of these studies, RAL was included as one of the preferred agents for ARV-naïve adults in the 2011 Department of Health and Human Services (DHHS) and the 2010 International AIDS Society (IAS) guidelines. 77, 78 Twice-daily dosing of RAL and cost considerations make RAL most beneficial in situations where NNRTI-or PI-based first-line ARV regimens are less favorable. 79 Adult studies investigating nucleoside/nucleotide-sparing first-line regimens in order to avoid NRTI-associated toxicities have focused on RAL in combination with a PI (DRV or LPV with RTV boosting, or ATV with or without RTV boosting). Although efficacy outcomes in non-comparative and comparative trials are similar to RAL in combination with dual NRTI regimens, NRTI-sparing regimens containing RAL have been associated with increased rates of RAL resistance and are not currently recommended for ARV-naïve patients able to take other regimens. [79] [80] [81] [82] [83] [84] [85] In ARV-experienced patients without previous exposure to RAL, there is currently little risk of primary resistance to the integrase inhibitor class of drugs. 86 The addition of RAL to OBTs has shown improved virological responses compared to OBTs alone. [87] [88] [89] [90] [91] [92] [93] RAL compared to placebo given in combination with OBTs in the BENCHMRK 1 and 2 trials resulted in an undetectable viral load after 96 weeks in 56% (266/466) versus 26% (62/237) of study subjects in the RAL and placebo treated arms, respectively. 87 The RAL arm also had significantly greater decreases in HIV-1 RNA and increases in CD4+ cell counts than the placebo arm. These findings were the basis for the US FDA approval of RAL for ARV-experienced adults. 87 For highly treatment-experienced patients who lack active ARV options in their OBT, RAL may still show virologic efficacy but the risk of RAL resistance is increased as a result of functional monotherapy. RAL resistance results from mutations within the integrase protein coding sequence and has been documented on resistance assays as early as 1 month after treatment initiation in RAL-naïve patients. [94] [95] [96] Patients with mutations involving the two principal resistance pathways (N155 and Q148) have shown no residual ARV activity when continuing RAL treatment. 43 A number of switch studies have investigated the utility of RAL as an alternative agent in stable virologically suppressed patients on ART. Switching from enfuvirtide (ENF) -an HIV-1 fusion inhibitor administered twice-daily by subcutaneous injection and associated with frequent injection site reactions -to RAL without changing OBT is associated with safety, virologic efficacy, and improved treatment tolerability. 89, 93 Conflicting results have been reported with switching from RTV-boosted PI regimens to RAL-based regimens in order to simplify treatment and reduce potential adverse effects. In two Phase III randomized, controlled trials (SWITCHMRK 1 and 2), switching to RAL from LPV/RTV in patients virologically suppressed (,50 copies/mL for at least 3 months) showed reductions in lipid concentrations but a less than expected virologic efficacy in the RAL arm; the study was stopped prematurely. 90 The SPIRAL study evaluated switching from any RTV-boosted PI regimen to RAL in patients virologically suppressed for the previous 6 months; it demonstrated the virologic non-inferiority of switching to RAL. 91 This study highlighted that longer duration of virologic suppression is associated with reduced risk of virologic failure after switching; it also emphasizes the importance of assessing past resistance and of maintaining fully active OBT prior to considering switching from a boosted PI to a RAL regimen.
Pediatric studies
Preliminary results for IMPAACT P1066 study cohorts I and II (children 6-18 years) were presented in 2009 43 and suggested that RAL plus OBT was effective in these treatment-experienced children; viral suppression rates of 80% (,400 copies/mL) and 63% (,50 copies/mL) at 12 weeks were achieved and early immunological responses were favorable.
Study cohorts I-III (children 2-18 years) have been completed and reported acceptable efficacy in children 6-18 years receiving the adult tablet, and children 6-12 years and 2-5 years receiving the pediatric chewable tablets. 39 ,41 Among 96 HIV-1 infected treatment-experienced children aged 2-18 years treated with RAL and OBT for 48 weeks, >75% achieved >1 log10 HIV RNA decline or <400 copies/mL, and >50% achieved HIV RNA <50 copies/ mL, 45 Although safety results were reported, other clinical efficacy end-points were not described. 39, 41 Recommended age and weight-based doses of adult and pediatric tablets in these age groups have been established; US FDA approval was obtained in December 2011.
11
Study cohorts IV and V (children 4 weeks-2 years) evaluating RAL oral granule formulation are ongoing. Nine children in cohort IV, either ARV-experienced or having failed PMTCT, with a mean age of 13 months and mean log 10 HIV RNA and CD4+ count/percentage of 5.68 and 1338 cells/ µL/21.4%, respectively, have been enrolled. After 24 weeks on a RAL-containing regimen, .80% of children (n = 7) achieved $1 log 10 HIV RNA decline from baseline or ,400 copies/mL, and the median increase in CD4+ count/ percentage was 446 cells/mm 3 /5.3%. 42 [12] [13] [14] [15] [16] [17] ; and a median duration of previous ARV therapy 13 years [range 10-17 years]) with multidrugresistant HIV-1 who were treated with RAL in combination with two to five other ARVs selected by the clinician; ETR was used in 16 patients, DRV in 17 patients, and both in 13. Twenty-one of the patients were treated with RAL because of active viral replication (median HIV-1 RNA level of five log 10 copies/mL). Two patients with viral control on treatment, including ENF, were switched to RAL because of injection-site reactions. Median baseline CD4+ cell count prior to RAL treatment was 194 cells/mL (range 5-484) and 22 of 23 had genotype-documented triple-class oral ARV drug resistance. 44 Follow-up data on 22 of 23 patients with a median treatment duration of 12 months (range 9-21 months) is available. The mean standard deviation (SD) score for weight increased significantly from −0.82 SD (−2.63 to +1.4) to −0.46 SD (−2.9 to +1.8) (P = 0.006). No deaths or AIDS-defining clinical events occurred. One patient stopped RAL after 3 weeks due to headache and another stopped after 9 months due to virologic failure.
In 20 patients treated for active viral replication, there was a significant decrease in HIV-1 RNA from mean (SD) of 5.02 (0.59) at the start of RAL, to 1.74 (0.96) log 10 copies/mL at month 9 (P , 0.001). There was a trend towards significance in the difference in the viral load decrease between the 12 patients receiving RAL, ETR, and DRV versus the eight patients receiving other regimens. At the last followup (9-21 months), 21 patients remained on RAL-containing treatment, 18 had viral load ,400 copies/mL, and 13 had viral load ,50 copies/mL. Virologic failure (viral load .400 copies/mL at two consecutive points after initial response) occurred in four patients, and was clearly related to suboptimal adherence in two. 44 In a similar retrospective analysis from Spain, 19 multidrug-resistant children and adolescents (median age 16 years, median baseline HIV-1 RNA 4 log 10 copies/mL, and median CD4+ cell count 329) were treated with RAL-containing salvage ART (OBT contained at least one fully active drug 
Safety and tolerability
Adult data
Among healthy male adult volunteers who were exposed to RAL for 10 days, headache and fatigue were most commonly reported, all transient and mild or moderate in intensity. No dose-response relationship was reported, even at the highest dose of 1,600 mg/day. No laboratory abnormalities or disorders of cardiac conduction were identified. 17 In HIV-infected adult subjects, RAL was well tolerated compared to EFV and comparator PIs in Phase II and III studies. Mild and transient headache, other nervous system, and gastrointestinal events were the most common effects reported. 98 In the BENCHMRK studies, nervous system events (mainly headache) were noted at a similar incidence to placebo. In the STARTMRK study, neuropsychiatric symptoms were significantly lower compared directly with EFV (26% versus 59%, P , 0.0001 at 48 weeks). 88, 99 Skin hypersensitivity reactions were uncommon and mild, comparable with placebo (5.3% versus 2.5%), and confounded by other drugs. Rare cases of Stevens-Johnson syndrome were reported post-marketing, although true causality has been difficult to establish. 18 RAL has a neutral effect on lipid metabolism. 100, 101 Compared with EFV, RAL demonstrated statistically significant favorable changes in plasma lipid and fasting blood glucose concentrations in a previously treatment-naïve population. The effect on body composition was similar, however, with truncal and appendicular fat gain comparable in both groups. Lipoatrophy was uncommon (8% versus 5%, respectively) in both groups. 76 No change in body composition was found in a group 48 weeks after switching to RAL, whereas in the group maintaining PI therapy total and visceral fat increased. Bone mineral density increased in the RAL switch group, but it was unchanged in the PI maintenance group. 45 In the BENCHMRK studies, a higher incidence of malignancies was observed in the RAL treated arm (3.5% versus 1.7% in placebo-treated arm) at 48 weeks, a finding highlighted in the US FDA safety analysis. No pattern was evident in the number or type of malignancies, and no trend in the time of onset. At 96 weeks, with adjustment for 
83
Raltegravir in children and adolescents person-years of follow-up during the double-blind phases, the development of cancer was comparable between the RAL and placebo arms. 88, 98 Pooled Phase II and III data from a US FDA safety analysis indicate a serum creatine kinase elevation of all grades in RAL-treated arms (13.9% versus 9.4%). 98 This difference persisted (4.2% versus 2.5%) when stratified to elevations of grade 3/4, and also when corrected for concomitant use of statins or fenofibrate. However, no clinical musculoskeletal effects were reported and no participants were withdrawn from the study due to creatine kinase elevation. Nevertheless, the US FDA issued a cautionary note on the use of RAL in patients with existing myopathy, as prospective cohort studies have demonstrated grade 3/4 creatine kinase elevation of between 5% and 13%. 98 
Pediatric data
Cumulative safety data for the IMPAACT P1066 cohorts of patients 2-18 years of age were presented at the 19th International AIDS conference in 2012. 45 Ninety-six ARVexperienced subjects were treated with RAL (400 mg twice-daily of film-coated tablet [6- . Fifteen subjects had serious clinical AEs (one with DR rash) and two subjects developed serious laboratory AEs (one with DR transaminase increase). There were no discontinuations due to AEs and no deaths. 45 RAL was generally well tolerated in nine subjects enrolled in IMPAACT P1066 cohort IV (6 months to ,2 years of age) receiving RAL granules for suspension by weight-based dosing. However, three subjects accounted for 16 grade $3 adverse events, two of which were considered related to RAL (elevated bilirubin and hypoglycemia). 42 Among 23 adolescents with multidrug-resistant HIV-1 who were treated with RAL in combination with OBT in the French Expanded Access Program, one patient stopped treatment after 3 weeks due to headache, but no other moderateto-severe clinical side-effects. No grade 3 or 4 laboratory abnormalities occurred. 44 In a Spanish cohort of 19 multidrug-resistant children and adolescents who were treated with RAL-containing salvage ART and followed-up for a median of 80 weeks, no symptoms of severe intolerance were recorded. Two patients experienced mild-moderate short-term skin rash.
Conclusion
RAL, currently commercially available as film-coated tablets (400 mg) and chewable tablets (100 mg and 25 mg), is US FDA-approved for treatment of HIV-1 infected children aged $2 years and weight $10 kg. 11 Due to insufficient pediatric PK and a lack of safety and efficacy data, integrase inhibitors are not currently recommended as initial therapy in children. 2 Although many HIV-1 infected individuals initiate empirical first-line ARV regimens, current US guidelines recommend ARV drug-resistance testing with a genotypic assay before initiation of therapy for all treatment-naïve individuals. Use of resistance testing results is also recommended for selection of initial drug combinations. 2 RAL may be considered for use in ARV-experienced children and adolescents with treatment failure and virologic resistance. Potential roles for RAL are twofold. First, as an alternative to a PI in an ARV regimen with at least two fully active agents after failing a first-line regimen comprising an NNRTI plus two NRTIs. Secondly, it may be used as an alternative to an NNRTI in an ARV regimen with at least two fully active agents after failing a first-line regimen comprising a PI plus two NRTIs. 2 In ARV-experienced patients with multi-drug resistance and virologic treatment failure requiring a switch to a new ARV regimen, the availability of RAL (as representative of a new ARV drug class to which there is currently widespread HIV susceptibility) increases the likelihood of viral success. In highly treatment-experienced children and adolescents, successful treatment outcomes have been reported using RAL in combination with a new generation PI (usually DRV/RTV) and/or NNRTI (usually ETR) and OBT. 44 Advantages of RAL relevant to pediatrics include an overall favorable adverse effect profile, availability of chewable tablets (and granules for suspension are being developed for infants and younger children), and that ingestion can occur with food.
Potential disadvantages of current RAL use in children include the twice-daily dosing schedule and the lack of PK, safety, and effectiveness data on RAL-containing ART in children receiving anti-TB medication. The forthcoming IMPAACT P1101 study will evaluate this latter issue. Lack of pediatric data on potential drug interactions between Newer integrase inhibitors include elvitegravir, which requires boosting with cobicistat or RTV but is administered once-daily, and dolutegravir, active in patients with RAL-resistance mutations. 79 Elvitegravir is currently only available as a fixed-dose combination tablet containing elvitegravir/cobicistat/FTC/TDF, and is US FDA-approved for use as a complete ARV regimen in HIV-1-infected ARV treatment-naïve adults. There are no data yet on its use in children aged ,18 years, although a pediatric dose-finding study of dolutegravir is underway through the IMPAACT network. 2 The potential role of RAL as part of combination ART in TB coinfected children taking RIF-containing TB medication, as well as in the context of PMTCT both for pregnant HIV-infected woman and for HIV-exposed infant prophylaxis, are being evaluated. The integrase inhibitor class of ARV drugs shows great promise in the management of pediatric HIV infection.
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